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ABSTRACT 
The preliminary experimental results on the scale model of a SPAR offshore 
platform are presented and analysed. The structure, a classic SPAR, has been 
designed as a hypothetical model. The study targets to fill a vacuum in the design of 
such important structures by conducting physical modelling. Changing the wave 
height, wave period, and ballast conditions, a series of laboratory tests was achieved 
at 20 mx 10 mx 1.2 m wave basin of the Coastal Engineering Laboratory, UTP, under 
regular waves while the SPAR is moored by 16 mooring lines connected to the basin 
floor. The dynamic response of the SPAR was monitored by photographic methods 
and the heave, surge and pitch of the structure were plotted vs. time. The analysis of 
the maximum responses showed the significance of the wave period and ballast 
condition. The scale modelling data show a satisfactory similarity with the prototype. 
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An offshore structure may be defined as one which has no fixed access to dry land 
and which is required to stay in position in all weather condition. Oil and gas 
exploration and production development has led to constant increase of floating 
offshore platforms. There are about 10000 offshore platforms with variety of types 
and sizes which installed worldwide [Chakrabarti 2005]. There are two general 
classes of offshore structures whether bottom-supported or floating. The floating 
offshore platforms (FOPs) include tension leg platforms (TLP), semi-submersibles, 
SPARs and ship shaped vessels. Bottom-supported structures can be divided into 
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While the latter bottom-supported structures are occasionally placed in waters as 
deep as 850 m, the former are usually constructed in shallower waters (<400 m). The 
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offshore structure should experience minimal movement to provide a stable work 
station for operation such as drilling and production of oil. These movement are due 
to various type of loads which are permanent (dead), operational (live), 
environmental, construction-installation, and accidental (ship impact, fire, blast, etc. ) 
loads. The environmental factors are wave, wind, current, earthquake, temperature, 
ice, marine growth, and seabed movement. Permanent, operational and 
environmental loads usually dominate the design. Wave action is the major 
environmental loads considered in the design. The failures directly stem from the 
impact of environmental factors constitute about 11 % of all accidents (Baker and 
McCafferty 2005). 
SPAR platform in concept, is a structure consists of a vertical cylinder with a very 
large diameter which is anchored to the bottom of ocean by conventional mooring 
lines. The facility is keep above the water level by its buoyancy. SPAR generally has 
three major configurations: 
I. `Classic' which is one-piece cylindrical hull. 
2. `Truss SPAR' where the midsection is composed of truss elements 
connecting the upper buoyant hull (called a hard tank) with the bottom 
soft tank containing permanent ballast. 
3. `Cell SPAR' composed of multiple vertical cylinders. 
The response of a floating structure to the excitations from external forces is a 
combination of translational and rotational displacements. At each moment, the 
velocity is a vector resultant of six modes of motion: three translational and three 













Figure 1.2. Six modes of motion of a SPAR 
1.2 Problem Statement 
Estimation of dynamical response is a major component in the design of any FOP. 
Dynamical response estimation can be based on extensive field data on similar 
structures, analytical simulations, numerical solutions (ANSYS, SACS 2005, 
STAAD 2005), and laboratory experiments. The first method is frequently applied as 
supporting verification to other analyses and seldom viewed as sufficient for the 
design. On the other hand, analytical solutions are complicated and difficult to 
achieve unless used for hypothetical cases with numerous simplified assumptions. 
Alternatively, numerical solutions have become a popular method in the last three 
decades with the progression of advance computational methods, technology, and 
sophisticated computers. Numerical computations are well-liked because it is fairly 
cheap, fast and readily reproducible. Numerous computer simulations of response of 
SPAR have been reported in the literature (Chitrapu et al. 1999, Kim et al. 2001, Ma 
and Patel 2003, Mansouri and Hadidi 2009, Xiaohong et al. 2001). Laboratory 
experiments often provide closest to actual data on the behaviour of the structure. 
However, this method requires large laboratory assets and modelling skills. The 
designer should, in most cases, route for experimental studies, due to the complexity 
of the governing equations for the dynamic response of FOPs, a large variety of 
different structural configurations and uniqueness of loadings for any specific 
structure. Experimental studies should be done to validate computer simulations or to 
obtain calibrated values for a variety of empirical factors in the governing equations. 





This current paper is an attempt in the direction of experimental simulation of a 
SPAR. The purpose of this paper is to evaluate the results obtained from an 
experimental study into the response of the SPAR under wave action. 
1.3 Objectives & Scope of Study 
The objectives of this project are: 
1. To provide exclusive experimental data on the response of Classic SPAR 
platform. 
2. To compare the experimental result with those by analytical and 
numerical simulation. 
The scopes of study for this project are: 
1. Developing a physical model based on prototype to be used for 
experimental. 
2. Physical model testing under environmental load inside the wave basin 
under certain conditions. 
3. Collecting the observation data by using video technique. 




2.1 Dynamic Behavior of Offshore SPAR Platforms under Regular Sea 
Waves 
According to Agarwal and Jain (2001), the SPAR platform is modeled as a rigid 
cylinder with six degrees-of-freedom (i. e. three displacement rotational degrees of 
freedom i. e. Roll, Pitch and Yaw about X, Y and Z axis) at its center of gravity, CG. 
In his research, the stability and stiffness is provided by a number of mooring lines. 
For low dynamic positioning, the mooring lines were attached near the center of 
gravity of the SPAR platform. The analysis was carried out for the six degrees-of 
freedom under environmental loads with the platform and the mooring lines treated 
as a single system. Current and wind factors were not studied in his research. The 
response analysis was done in time domain to solve the dynamic behavior of the 
moored SPAR platform as an integrated system. The iterative incremental 
Newmark's Beta approach was used. Numerical studies were conducted for sea state 
conditions with and without coupling of degrees-of-freedom. 
2.2 Floating Structure Dynamics 
According to S. K. Chakrabarti text book entitled, Hydrodynamics of Offshore 
Structures (1987), the motion response of a floating structure can be determined 
from solving equations of motion in various degrees of freedom. It is stated that the 
stress distribution of the structure can he determined from the motion response. 
Basically, there are two approaches that may be used to solve the equations of 
motion, which is the frequency domain or time domain analysis. Frequency 
domain analysis solves equations of motion by simple iterative techniques, and has 
been applied extensively to predict long term responses. Responses due to random 
wave input can also be estimated through spectral formulations. Compared to the 
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time domain analysis, this technique is simpler which makes it more preferable. 
However, there is a limitation of the technique, where all nonlinearities in the 
equation of motion must be replaced by linear approximations. On the other hand, 
the time domain analysis is a direct numerical integration of equations of motion 
which includes all nonlinearities. However, it has a disadvantage due to its 
complexity. The time domain is more difficult to apply and interpret due to the 
added computed time and complication in the computed results. Regardless of the 
solution technique used, the same equations of motion will exist, but their 
formulation and estimation should reflect the strengths and restrictions of the 
selected technique. 
2.3 Mooring Effects on the Stability of SPAR Platform 
According to Rho and Choi (2003), they have conducted a research to determine the 
effects of mooring lines on the stability of the SPAR platform. During this research, 
the heave and pitch motions of a SPAR platform was considered only in regular 
waves. The experiment was done with and without mooring lines to consider the 
effect of mooring lines on the stability of heave and pitch motions. A mathematical 
analysis was carried out to predict the outcome of this experiment. From the 
mathematical analysis, it is shown that the mooring lines do not affect the nonlinear 
response of the SPAR platform. The experiment was done on a SPAR model in a 
wave tank. Some rectification and adjustments were done on the model to meet 
certain conditions such as the natural frequency of pitch was set to be half of that of 
heave. His experimental data was presented in graphical form. The outcome of the 
research shows that the mooring lines have little effect on stabilization of the non- 
linear unstable motion. 
2.4 Investigation of Moored-Buoys Using Advanced Video Techniques 
According to Jenkins, Leonard, Walton and Carpenter (1994), they have done an 
experimental investigation of moored-buoys using advanced video techniques. This 
experiment investigation was done on the scaled physical models to determine 
intrinsic buoy properties, three-dimensional impulse responses, and three- 
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dimensional forced responses to two-dimensional wave excitations in a wave 
channel. The investigation was done by using advanced video techniques. The 
physical model was scaled down from the prototype for three categories of 
quantities: geometric, kinematic and dynamic. However, during this physical model 
development, obvious difficulties arise when trying to apply the geometric scaling to 
water depth, and attendant cable length of deep water moorings. For this particular 
difficulty, the procedure of Berteaux and Bouy (1986) can be followed to simulate 
the deep water mooring by a compliant bottom mooring mount. Since scaling the 
water depth is impossible, "Deep water" is generally taken as L <2h. During the 
experiment, bouy response was used for this experiment such as uni-directional 
accelerometer, force transducer and wave gauges. Before any testing was done, the 
weights of the physical model, the center of gravity and the mooring line stiffness 
was pre-determined with appropriate methods. During the test, the impulse 
responses in both moored and unmoored configuration and the dynamic response of 
the physical model to both regular and random wave loadings were recorded. The 
data calibration was done for three procedures which are: general calibration 
procedure, calibration of the impulse response tests and calibration of the regular and 
irregular wave tests. The data was then analyzed with the appropriate procedure and 
the results of his research were presented in tabular and graphical form. 
2.5 Heave and Pitch Motions of a SPAR Platform with Damping Plate 
According to Rho and Choi (2002), an investigation to determine the heave and pitch 
motion characteristics of SPAR platform was done. The experiment was carried for a 
scaled SPAR model in a wave tanks. Regular wave conditions were used to measure 
the heave and pitch motion. During the investigation, 4 cases were considered: hull 
with moonpool, hull with moonpool and strakes, hull with moonpool and dumping 
plate, and hull with moonpool, strakes and dumping plate. The experimental results 
were presented in graphical form. Analysis of the data shows that the heave motion 
of a SPAR platform can be controlled by introducing strakes and dumping plate, but 
the effect is almost insignificant on pitch motion. Mathieu instability should be 
considered when the heave response becomes very large at resonance. Thus, the 
dumping plate and strakes must be installed so that the heave motion is constrained 
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within a certain limit to avoid Mathieu- type instability. Their conclusion was that 
the spiral strake and dumping plate are effective in reducing heave motion and it is 
experimentally confirmed that coupled non-linear motions occur when the pitch 




Figure 3.1 shows the flow chart of this project that has been planned. 
FYP I 
Hydrostatic Stability Test 
Fabricating the physical 
model 
Run some test and 
experiment with the model 
FYP 2 
Run all test and experiment 
with the model 
Analysis by comparing 
result to published data 
Figure 3.1. Flow chart of the project 
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3.1 Hydrostatic Stability Test 
3.1.1 Apparatus 
1. Bottle (representing the hull of a SPAR platform) 
2. Weighing scale. 
3. Ruler. 
3.1.2 Experiment Procedure 
1. The empty bottle is weighed and recorded as shown in Figure 3.2. 
2. A particular amount of sand is poured and compacted inside the bottle. 
3. The bottle with the compacted sand is weighed and recorded as shown in 
Figure 3.3. 
Figure 3.2. Weighing Model 
Figure 3.3. Weighing Model 
Including Sand 
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4. The height and diameter of the bottle is measured and recorded as shown 
in Figure 3.4 and 3.5. 
'-I 
e"Iftwftaftwel, 
Figure 3.4. Measuring the Figure 3.5. Measuring the Height 
Diameter of Model of Model 
5. The height of the compacted sand inside the bottle is measured and 
recorded. 
6. The bottle is placed inside the water basin, and the draft is recorded. 
Figure 3.6 shows the model floated in the water and Figure 3.7 shows the 
weight is added inside the model. 
Figure 3.6. Model floated Figure 3.7. Adding weight inside 
model 
7. The procedure is continued under various conditions of weight and 
weight distribution. 
II 
8. All data is recorded and tabulated. Figure 3.8 and Figure 3.9 shows other 
condition of weight distribution. 
Figure 3.8. Adding weight inside Figure 3.9. Other condition of 
and at the top of model weight distribution 
3.1.3 Procedure to Calculate the Hydrostatic Stability 
I. The water draft is calculated from the geometry of body and density of 
fluid. 
2. The location of centre of gravity G of the body is determined. 
3. The location of the centre of buoyancy B (centroid of displaced volume) 
is determined and for the case of a regularly shaped body, this will be at 
half the height of the immersed portion of the body. 
4. The distance GB is calculated. 
5. Using MB = I/Vs, MB is calculated. Note I= irD4/64 for a circular section 
body and Vv is the volume of water displaced. 
6. The metacentric height, MG is calculated from MG=MB-GB. Note if 
MG>O then body is stable and if MG<O then body is unstable. Figure 3.10 
shows the orientation of M, G and B. 
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Figure 3.10. Orientation of M, G and B. 
3.2 Classic SPAR Model 
The SPAR of the case study is the hypothetical model as reported by Agarwal and 






Figure 3.1 1. Schematic drawing of a classic SPAR platform 
The geometric scale of 1: 400 is selected due to the limitation of water depth in the 
wave basin. Knowing the dynamic motion of the structure is dominated by gravity 
and kinematic forces, Froude scaling laws are employed for relating the model to the 
prototype. These scaling ratios for most important properties are given in the Table 
3.1. Table 3.2 shows the properties of the prototype and the model. 
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Table 3.1. Froude scaling laws 
Physical Parameter Unit Scaling Ratio 
Length M Lr=1 /400 
Structural Mass Kg Lr3=(1/400)' 
Force N Lr 3=(1 /400)' 
Moment Nm Lr4=(1/400)4 
Acceleration m/s2 1 
Time s L,. = (1/400) 
Pressure Pa = N/m2 Lr=1/400 
Table 3.2. Prototype and model dimensions 
Properties Prototype SCALE 
model 
Weight of the structure 265000 Tonnes 4.14kg 
Height of the hull 216.4 m 0.54 m 
Radius of the hull 20.26 m 0.05 m 
Distance of center of gravity from keel 92.4 m 0.23 m 
Weight of mooring line and anchor line 126 Tonnes 0.002 kg 
Angle of inclination at the fairlead point 30 degree 30 degree 
Water depth 914.4 m 0.8 m 
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The model SPAR is build using Perspex, sand and hollow steel rod. Figure 3.12 






Hollow steel rod 
0_39 kg 
Fairlead 1 30 CG 





Figure 3.12. The model with the dimension 
Natural frequency is one of the major important dynamic properties of any floating 
structures. The natural frequency, c)n is determined by 
2rr K yxA 
WnT = M= 
nM 
(3.1) 
Where T is the natural period, K is the stiffness, M is the mass, y is the weight 
density of seawater, and A is the cross-sectional area of the submerged section of the 
structure. Given the values in Table 2 for the model: 
K= yx A= 10000 x 0.0079 = 79 (3.2) 
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Ml = 79 x 4.14 = 327.06 
w = 0.491 then T = 12.8 sec 
M2 = 79 x 3.75 = 296.25 
w = 0.516 then T = 12.2 sec 
(3.3) 
(3.4) 
in which Ml and M2 correspond to full ballast and minimum ballast weight of the 
floater. 
3.3 Physical Model Test 
3.3.1 Wave Basin 
The reported tests in this paper are performed in the wave basin at the Coastal 
Engineering Laboratory (CEL) of Civil Engineering Department of Universiti 
Teknologi PETRONAS. Figure 3.13 shows the view of the wave basin. 
Figure 3.13. View of the wave basin 
The dimension of the basin is 20 m long, 10 m wide and 1.20 m deep. The basin is 
equipped with multiple paddle wave maker of piston type capable of generating 
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regular, irregular and directional waves. A wave absorber is installed to minimise the 
wave reflection and the movable remote control bridge platforms provided for 
access, measurement and installation of various instrumentation. Eight wide glass 
walls are installed at both side of the basin to allow visual and photographic record of 
the tests. 
3.3.2 Experimental Procedure 
Sixteen anchors are placed at the basin floor to which mooring lines (made of fishing 
lines) are connected. The layout, position of the joint, and the angle of each mooring 
line with the SPAR resemble those of the prototype. Figure 3.14 shows the model 
SPAR in the wave basin during the wave action. 
110- 
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Figure 3.14. The model in wave action with the arrangement of the anchors and 
moorings 
The mooring lines are not visible in Figure 3.14. Figure 3.15 shows the fine grid on 
clear plastic stuck to the glass view window, each grid sizes 5 mm. 
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Figure 3.15. The model as seen through the grid on the window 
The water level and the origin line are marked on the grid. Two synchronised video 
cameras are used to record the motion of the structure: one from the side (camera A) 
and another from the top (camera Q. Another camera (camera B) is installed besides 
camera A. Figure 3.16 and Figure 3.17 shows the position of camera A, B and C. 
_ giuuiN 
Figure 3.16. Camera A and camera B 
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Figure 3.17. Camera C 
Camera A is to capture the surge, heave and pitch. Camera B is to capture the waves 
and camera C is to capture the sway, if any. The data for surge, heave and pitch is 
analyzed from the high resolution video obtained from camera A. It is known that the 
two-dimensional view on the glass (and the computer monitor) is not the actual 
movement of the structure that is located at a distance on the other side of the glass, 
thus a simple geometric and trigonometric rules are applied to correct the data. The 
data for heave and surge is recorded with a straightforward method while the pitch 
is measured by monitoring the two points along the vertical centreline of the 
structure. Several wave probes are used to record the waves and this data is double 
checked with the actual fluctuations from the video obtained from camera B. The 
accurate movement of the structure and the wave fluctuations are recorded by 
slowing down the video to 11100`" of a second. 
3.3.3 Experiments 
Physical model testing is the major part in this research. The test is done with varied 
major design parameters to cover a range as wide as possible. Those parameters are: 
1. Wave type (regular or random) 
2. Wave height (H) 
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3. Wave period (7) 
4. Water depth (h) 
5. Loading (M; full or minimum ballast) 
6. Depth at which the mooring lines is connected (d,,, ) 
7. Water draft (d) 






Figure 3.18. Schematic drawing of the experimental parameters 
From over 30 tests that have been completed during the research, only 27 are 
reported and analysed by the author in this report. They are given in Table 3.3. 
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Table 3.3. Experiments and experimental parameters 
Wave type 
!I T h M k d m) ( d(cm) H/( 7`) No. Regular Random 
(cm) (sec) (cm) ( g) m c g 
1 2 0.65 80 4.14 26.8 50 0.0048 
2 3 0.65 80 4.14 26.8 50 0.0072 
3 4 0.65 80 4.14 26.8 50 0.0097 
4 5 0.65 80 4.14 26.8 50 0.0121 
5 6 0.65 80 4.14 26.8 50 0.0145 
6 7 0.65 80 4.14 26.8 50 0.0169 
7 2 0.65 80 4.14 15.8 50 0.0048 
8 3 0.65 80 4.14 15.8 50 0.0072 
9 4 0.65 80 4.14 15.8 50 0.0097 
10 5 0.65 80 4.14 15.8 50 0.0121 
11 6 0.65 80 4.14 15.8 50 0.0145 
12 7 0.65 80 4.14 15.8 50 0.0169 
13 2 0.65 80 3.75 21.8 45 0.0048 
14 3 0.65 80 3.75 21.8 45 0.0072 
15 4 0.65 80 3.75 21.8 45 0.0097 
16 5 0.65 80 3.75 21.8 45 0.0121 
17 6 0.65 80 3.75 21.8 45 0.0145 
18 7 0.65 80 3.75 21.8 45 0.0169 
19 2 0.65 80 3.75 10.8 45 0.0048 
20 3 0.65 80 3.75 10.8 45 0.0072 
21 4 0.65 80 3.75 10.8 45 0.0097 
22 5 0.65 80 3.75 10.8 45 0.0121 
23 6 0.65 80 3.75 10.8 45 0.0145 
24 7 0.65 80 3.75 10.8 45 0.0169 
25 2 0.65 80 3.75 21.8 45 0.0048 
26 4 0.65 80 3.75 21.8 45 0.0097 
27 7 0.65 80 3.75 21.8 45 0.0169 
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3.4 Damping Test 
The motion response of a floating structure can be determined by solving the 
equations of motion in various degrees of freedom. The simplest of the floating 
structure dynamics is the case where the system can be described by a damped 
spring-mass system with a single degree of freedom in the direction of imposed 
harmonic external force [Thomson (1987)], According to Chakrabarti (1987) 
"Consider a system with a mass, nz and spring constant, K. It is linearly damped with 
a damping coefficient, C and subjected to an external force of amplitude, FO and 
frequency, co. Then the equation of motion will consist of an inertia force, a damping 
force and restoring force term all resisting the external force" (p. 332). Thus, 
mz + Cx + Kx = Fo sin at (3.5) 
With the absence of the external excitation, the right hand side of the solution is 
equal to zero, FO = 0. According to Chakrabarti (1987), "The free vibration 
represents a part of the general solution and is called the transient solution of the 
complementary function" (p. 332). 
mz + CX + Kx =0 (3.6) 
3.4.1 Experiment Procedure 
1. The model is placed in the wave tank without the mooring lines. 
2. The video camera is set up in front of the glass window. 
3. The model is pushed into the water and released. 
4. The motion is recorded with video camera until no fluctuation occurs. 
5. The video is obtained from the camera and the oscillation is recorded. 
Figure 3.19 shows the view from camera during the experiment. 
22 
Figure 3.19. View from camera during experiment 
3.4.2 Procedure to derive the equation of motion 
1. From the obtained oscillation data, a graph of the oscillation is plotted. 
2. An exponential curve is fitted to the peaks of'the graph. 
3. The equation of the exponential curve is obtained. 
4. The natural frequency c) is calculated, usingta = K/m. 
5. The damping factor, ý is computed from the equation of the exponential 
curve obtained. 
6. The critical damping coefficient C, is calculated, using Cc =2 Km, 
7. The damping coefficient C is then computed, using e= C/Ce. 
8. Finally, the equation of motion is derived. 
3.5 Wave and current force measurement 
The surge motion of a floating structure is due to the wave force exert on the 
structure. The weight scale is used in this experiment to measure the force. Figure 
3.20 shows the weight scale used in the experiment. 
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ý 
Figure 3.20. Weight scale 
3.5.1 Experimental setup 
The model is tied to a fishing line and connected to weight scale at the other end. 
Two video cameras are used; one to record the reading on the weight scale and the 
other one to record the motion of the structure. A wave probe is placed in the wave 
basin to record the wave profile. Figure 3.21 shows the sketch of the experimental 







Wave and cu=t o 
Scale model 
Mooring lines 
Wave Tank (side view) 
Figure 3.21. Schematic drawing of experimental setup 




The test is done under several conditions of wave and current. Table 3.4 below 
shows the test parameters. 
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Table 3.4. Wave and current measurement test parameters 









I Yes 0.15 No - - 
2 Yes 0.15 Yes 2 0.8 
3 No - Yes 2 0.8 
4 Yes 0.15 No - - 
5 Yes 0.15 Yes 3 0.8 
6 No - Yes 3 0.8 
7 Yes 0.15 No - - 
8 Yes 0.15 Yes 5 0.8 
9 No - Yes 5 0.8 
The videos are obtained from both cameras and the all the data is extracted from the 
videos. The readings from the wave probe are obtained from the technician and 
included in the result. 
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CHAPTER 4 
RESULT AND DISCUSSION 
4.1 Hydrostatic Stability 
4.1.1 Test result 
Weight of empty bottle = 40. Og 
Height of bottle = 12.3cm 
Diameter of bottle = 7.3cm 
Weight of sand + bottle = 240g 
Height of sand = 3.9cm 
Table 4.1. Results of hydrostatic test 
Test l Draft ZG ZB GB I Vs MG 
condition 
st i eS (in) (m) (in) (m) (x10-4m4) 
3 
x10-4m (m) ( ) 
bottle + sand 0.24 0.061 0.0265 0.0305 -000.4 1.394 2.553 0.0095 
Bottle + sand 
+ 50g on the 0.29 0.0676 0.044 0.0338 0.0102 1.394 2.830 -0.0053 
top of bottle 
Bottle + sand 
+I OOg on the 0.34 0.0793 0.0564 0.03965 0.01675 1.394 3.317 -0.0125 
top of bottle 
bottle + sand + 
IOOg inside 
bottle + SOg 0.39 0.096 0.044 0.048 -000.4 1.394 4.018 0.0075 
on the top of 
bottle 
bottle + sand + 
I OOg inside 
bottle +I OOg 0.44 10.6 5.35 5.3 0.05 1.394 4.437 0.0026 
on the top of 
bottle 
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4.1.2 Sample of Calculation 
Test condition = bottle + sand + 50g on top of the bottle 
W=0.29 kg = 2.8449N 
W= pgVs 
thus, 
Vs = 2.830 x 10-4 m3 
draft = 0.0676 m 
Calculating the centre of gravity 
h, = 0.0615 m ml=0.04kg 
h2 = 0.128 m m2 = 0.05 kg 
h3 = 0.0195 m m3 = 0.20 kg 
The location of center of gravity G of the body; 
(m, + in, + m3) Zc = hi. mi + h, -m, + h3. m3 
(0.04 + 0.05 + 0.20) Zc = (0.0615 x 0.04) + (0.128 x 0.05) + (0.0195 x 0.20) 
Zc = 0.044 m 
The location of the centre of buoyancy B of the body; 
Zn = draft/2 
A=0.0338m 
Distance GB = Zc - ZA3 
=0.044m-0.0338m 
= 0.0102 m 
The metacentric height, MG is given by 
MG=MB-GB or MG=I/Vs - GB 
Thus, 
I= irD4/64 
= 7[ x 7.34/64 
= 1.394 x 10-4m4 
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Therefore, 
MG = (2.830 x 10-4)/( 1.394 x 10-4) - 0.0102 
MG = -0.00527 
4.1.3 Discussion 
This experiment is done for author to gain the understanding on the hydrostatic 
stability of a floater. From this experiment, the outcome has clearly shown that the 
hydrostatic stability of a floater is dependent on the total weight and the weight 
distribution of the floater. For a floater to be stable, the METACENTRIC HEIGHT, 
MG must be positive. Furthermore, the METACENTRIC HEIGHT, MG, is positive 
when M lies above the centre of gravity, G. In other words the METACENTRIC 
HEIGHT, MG, is positive when MG =ZM - ZG > 0. 
4.2 Physical model test 
The results for three of the experiment is reported and analyzed in this report. Note 
that the only different between Test 2 and Test 14 is in the total weight, the only 
difference between Test 14 and Test 18 is in the wave height. Three modes of the 
motion are analysed here for each test: heave, surge and pitch. Considering the 
convention used in Figure 4.1, the wave recorded are plotted with heave and surge. 
+ surge 
+ heave 





Figure 4.1. Convention used in this report 
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4.2.1 Regular waves test 
Figure 4.2 to Figure 4.25 shows the heave, surge and pitch response of the model 




















/IA/1IIAAIIfºAAItA ý AA A niinr! Ar, nnnflnnniInAnnnAnnn'/lnnnnnn 




05 10 15 20 25 30 
Time (s) 




















05 10 15 20 25 30 
Time (s) 
b. Pitch response 


































05 10 15 20 25 30 
Time (s) 
a. Heave and Surge response 
12 0.12 








1ýý 1n'ýnl 11 1 
11 





/Vv'UUU, UrWVUUV 0.00 ü 
2 0.02 ä 
M 
-0.04 c _q wave 
-6 --- pitch -0.06 
-8 --- -0.08 
-10 ----------------- ---- -0.10 
-12 -0.12 
05 10 15 20 25 30 
Time (s) 
b. Pitch response 




















05 10 15 20 25 30 
Time (s) 





























V04 MN r 
wave 
pitch 
05 10 15 20 25 30 
Time (s) 
b. Pitch response 




















05 10 15 20 25 30 
Time (s) 























0 Wm Affiý . 0.02 





b. Pitch response 









































a. Heave and Surge response 
Pý "", 
vv r vvvvvl r I 









05 10 15 20 25 30 
Time (s) 
b. Pitch response 
















10 --- ------------ 
8A 
aý --ºý \ /ý ,. ra! `1/ý 
All 
n AA 









05 10 15 20 25 30 
Time (s) 




























05 10 15 20 25 30 
Time (s) 
b. Pitch response 













`n .AA. l !. l AA--- AAAA. AAAe. AAAAA. AAAA Aº 
ni M rt"dV1^eY1d1n 










05 10 15 20 25 30 
Time (s) 
a. Heave and Surge response 
12 
10 -- 
8 ----- - 











05 10 15 20 25 30 
Time (s) 
b. Pitch response 








































05 10 15 20 25 30 
Time (s) 
a. Heave and Surge response 
12 0.12 
10 0.10 
8 ------ - 0.08 





ýýJ iurV 'ý'VIýrýý WM 00 
-0.00 ° 
inuU ýr 0.02 
-4 -0.04 
-6 -0.06 
-8 -- - wave -0.08 
-10 -- pitch -0.10 
-12 -0.12 
05 10 15 20 25 30 
Time (s) 
b. Pitch response 



















05 10 15 20 25 30 
Time (s) 
a. 1-leave and Surge response 
12 0.12 
10 ---- --0.10 
8---0.08 
6- --- 0.06 





-6 ----- ----- -- -0.06 
-8 ------------------ wave -0.08 
-10 - -- --- pitch -0.10 
-12 -0.12 
05 10 15 20 25 30 
Time (s) 
b. Pitch response 
Figure 4.10. The response of the model SPAR to wave action in TEST 9 
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Figure 4.16. The response of the model SPAR to wave action in TEST 15 
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Figure 4.21. The response of the model SPAR to wave action in TEST 20 
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Figure 4.25. The response of the model SPAR to wave action in TEST 24 
Table 4.2 shows the comparative summary of the results for Test 2,14 and 18. 
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Table 4.2. A comparative summary of the results of the three selected tests 
Wave Maximum Heave Maximum Surge Maximum Pitch 
Test II (cm) T(s) +ve (cm) -ve (cm) f(cm) % (1) +ve (cm) -ve (cm) E (cm) % 
(2) +ve (o) -ve (o) X (o) 
2 3 . 65 0 0 0 0 2.9 -0.2 3.1 21 1.8 0.3 2.1 
14 3 . 65 0 0 0 0 3.7 -2.3 6.0 40 1.6 -1.3 2.9 
18 7 . 65 0.6 -1.2 1.8 2.9 9.2 -1.4 10.6 71 4.4 -4.0 8.4 
For the Prototy pe (real-life structure) 
2 Om " 12.4m " 
14 Corresponding 
V l f h 
Max heave 0m fit Max surge 24.0 m " Max pitch in 
66 
18 
a ues or t e 
prototype 
displacement 7.2 m 
66 displacement 42.4 m " degree 
" 
Relative to the total height of SPAR that is 62 cm for the model and 248 m for the prototype. 
(2) Relative to the topside width that is 15 cm for the model and 60 in for the prototype 
" denotes identical values 
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Most of the results in Table 4.2 (details of which are shown in Figure 4.3,4.15,4.19) 
lie within acceptable practical ranges except perhaps for the maximum heave 
displacement for Test 18. The heave of 7.2 m is unknown whether acceptable in 
terms of the operation. 
From Table 4.2, the largest overall response belongs to Test 18 in terms of heave, 
surge and pitch. This test associated with a larger wave height. The difference in the 
pitch response shows the importance of the design wave height. 
Significant difference can be seen in the translational response of Test 2 and Test 14 
except for the pitch. The actual difference between these two cases is the additional 
ballast (0.39kg) inside the hull. The model in Test 14 is 9.4% lighter than the one in 
Test 2. This has led to less performance in surge and pitch. This indicates the 
enviable influence of the additional weight for the pitch and surge. Test 14 and Test 
18 also shows significant difference for heave, surge and pitch. The difference 
between these two cases is the wave height. The wave height in Test 14 is 57% lesser 
than the wave height in Test 18. This indicates the adverse influence of the 
additional wave height for the heave, surge and pitch. 
4.2.2 Random wave test 
Figure 4.26 to Figure 4.28 shows the heave, surge and pitch response of the model 
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Figure 4.28. The response of the model SPAR to wave action in TEST 27 
Comparing the response of the model SPAR to regular waves and random waves, the 
response of the model SPAR to random waves are not periodic and not repeatable. 
The response of the model SPAR to random waves reflecting more of the real life 
condition in the ocean. 
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4.3 Damping Test 
4.3.1 Experimental results 
The displacement (fluctuation) of the model SPAR is shows in Figure 4.29 and 
Figure 4.30 shows the trendline of all the pick positive value from Figure 4.29. 
10 
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Figure 4.30. Trendline of the peak positive points in damped free oscillation 
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A=7.85 x 10-3 mz 
Thus, 
K=7.85 kg/m 





wn = 1.377 Hz 
And, computing the critical damping coefficient, C' 
Cc = 2Km 
Cc = 11.402 
Solving the exponential equation 
e-0.08 = e-4&)n 




Thus, the damping coefficient, C is 
C=0.661 
Hence, the equation of motion for heave response is; 
4.14x" + 0.661x'+ 7.85x =0 
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4.4 Wave and current force measurement 
Figure 4.31 to Figure 4.39 shows the weight scale readings and the wave fluctuations 
as recorded from the wave probes. 
During the experiment, an error occurred which the reading on the weight scale is 
showing negative value. This is due to the equipment (weight scale) defect, thus it 
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Figure 4.36. Force reading and wave fluctuations for FORCE TEST 6 
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The result from this test can be compared to the theoretical computation of the wave 
force. Froude-Krylov theory can be used to compute the theoretical wave force. No 
calculation is done by the author to compare with the experimental results in this 
research. This is because as stated earlier in this paper, this is an experimental study 
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on the model SPAR to wave action. This data is provided to be used by other 




The hypothetical SPAR offshore platform was scale modelled and a series of 
laboratory tests under regular wave action was conducted. The model is a classic 
SPAR, has a diameter of 10 cm, total hull height of 54 cm, topside height of 8 cm, 
topside width of 15 cm, total mass of 4.14kg with full ballast and 3.75kg with 
minimum ballast. The SPAR is moored by 16 symmetrical mooring lines anchored to 
the basin floor. The experiments were conducted in a basin of 20m x 10m x 1.2m. 
Wave heights of 2-7 cm with wave periods 0.65 sec were tried under two loading 
conditions: full ballast and minimum ballast. Three of the tests were chosen for 
detailed analysis of the results. The analysis given the following conclusions: 
1. The scale model performed quite satisfactory and the simulated results 
show a good overall resemblance to the prototype (hypothetical) 
structure. 
2. Larger wave heights lead to larger heave, surge and pitch of the SPAR. 
3. The condition of full ballast, corresponding to heavier structure resulting 
from larger oil storage, is associated with smaller responses in terms of 
heave, surge and pitch. 
4. From the tests analyzed, the maximum heave displacement was under 
3%, the maximum surge displacement was under 71%, and the maximum 
pitch was less than 8.4°. 
The equation of motion computed from the damping test can be use to predict the 




6.1 Cost of research 
The costs involved in this research are the developing physical model cost and the 
experimental equipment cost. 
6.1.1 Physical model cost 
The physical model is build and developed by the author and the contractor, the costs 
are f* or all the materials purchased by author. This cost also includes the consultation 
fee and construction fee by the contractor. The costs are. 
1. Cost for the structure = RM309.30 
2. Cost for the mooring lines and hooks = rm45.80 
6.1.2 Experimental equipment cost 
For experimental equipment cost, this cost is for all the materials that are not 
available in the laboratory that the author had to purchase for the purpose of 
experiment. 
1. Cost for experimental equipment = RM 35.50 
6.2 Economic value 
Alter all the experimental data is collected from this research, the exclusive 
experimental data on the responses of a Classic SPAR is published. This data will be 
the references for many further researches and also in design stage of other SPAR 
platforms. Since the cost of performing such an experiment in the wave basin will be 
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very expensive due to the cost of constructing the wave basin, thus the data from this 
research will be very valuable for other researcher and designer. 
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APPENDIXES A 
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